Abstract. The operation behavior of the supply chain at all stages and the supply chain relationship based on input-output relationship were clarified through analysis of the three-stage supply chain network structure and the operation mode of each stage. In order to measure the efficiency of three-stage dairy supply chain, the network DEA model was constructed, and the supply chain of 29 Chinese dairy enterprises was studied. The total efficiency of three-stage dairy supply chain under DEA model was calculated. The relationship between the total efficiency and the efficiency of each fraction was introduced. By using the envelope model, the frontier was obtained and the corresponding measures were put forward to improve the efficiency of the three-stage dairy supply chain.
Introduction
With the improvement of people's living standards and changes in the consumption concept, the demand for dairy products is increasing year by year, and the dairy industry is having developed rapidly. As the number of dairy enterprises increases, the market competition becomes more and more serious. The competition of dairy enterprises involving agriculture, manufacturing and service industries is in fact the competition of the whole dairy supply chain composed of raw milk production, dairy manufacturing, dairy distribution, dairy retailing and final consumers. Thus, the efficiency management of supply chain is the key to cope with the market competition.
Literature Review
The research on dairy supply chain in European and American countries started from decade after the development of supply chain theory in the 1990s, which mainly focused on quality and safety of dairy supply chain, dairy supply chain integration model and other aspects, but rarely concerned about the efficiency of dairy supply chain. M. Gorton et al. [1] pointed out that Moldova's dairy industry model of collection of raw milk through a rural collection station and selling to processing enterprises led to market failure, mainly due to information asymmetry between farmers and enterprises, resulting in a huge cost in monitoring the quality of raw milk. The relatively effective integration mode of dairy supply chain may lead to the marginalization of small-scale producers, so it is necessary to pay attention to avoid it. The situation is very similar to that in China. J. Dries et al. [2] argue that globalization in the early 1990s followed a higher standard of dairy development in Eastern European countries close to the European Union, leading to the expansion of the vertically a integrated supply chain expansion that had a positive impact on pasture development.
In recent years, the research from Chinese scholars on the "dairy supply chain efficiency" can be divided into two categories of dairy supply chain and dairy industry efficiency. Dairy supply chain research is divided into two categories of the dairy industry chain and dairy supply chain from the point of view of overall "chain". The research contents include the impact of industrial structure on performance, the integrated mode of dairy supply chain, the relationship between supply chain organization and the quality of dairy supply chain. Yang [3] compared the dairy supply chain between China and foreign countries, and pointed out that the dairy supply chain in the United States, France and Holland are vertically integrated, while the interests of the various stakeholders in China have their own interests, and thus the supply chain management was weak. The original milk production tends to horizontal integration. In order to ensure the quality of the original milk, the dairy manufacturers established a small amount of forward-integration organizational mode. Zhong and Kong [4] analyzed the milk station between the dairy farmers and the manufacturing enterprises, and concluded that the existence of the milk station resulted in the reduction of the market transaction cost and had a positive effect on the efficiency of the dairy supply chain, but made the dairy farmers in a lower profit level. Shen et al. [5] proposed a model to optimize the quality control of dairy service supply chain based on the closed-loop supply chain operation model and service supply chain management. By clarifying the main body of quality control technology service, the information exchange between dairy enterprises and farmer households was solved to achieve purposes of controlling the dairy supply chain product quality.
The research on the efficiency of dairy industry is mainly divided into single stage efficiency of dairy industry and efficiency of dairy industry chain. Bu [6] studied the organization mode and efficiency of raw milk production and sales, respectively. The results showed that the technical efficiency of free-range production was low but the economic efficiency was high. The sales efficiency is followed by direct sales, super sales and sales agents. Chen et al. [7] used the one-stage DEA model of VRS to measure the technical efficiency and scale efficiency of backyard, small scale, medium scale and large-scale ranch production. In the dairy industry chain efficiency research, Liu et al. [8] studied the efficiency of China's dairy industry chain of 31 administrative regions in 2011-2012 years using DEA-Malmquist index method.
One of the main methods of efficiency measure is DEA. Traditional DEA method regards the decision-making unit as a "black box" and only the efficiency of the each decision-making unit is evaluated, and the efficiency of DMU is overrated due to ignoring the influence of the inner structure of the decision unit and the connection between the internal structures. Therefore, many researchers introduced network DEA in order to open the "black box", and a comprehensive measurement of efficiency is carried out by considering the DMU internal structure as a number of sub-stages. Kao and Hwang [9] demonstrate that the two-stage DEA model was more reliable and more discriminative for ineffective DMUs through a case study of non-life insurance companies in Taiwan. Bi et al. [10] studied the DEA efficiency evaluation model of resource-constrained two-stage production systems, by which the resource can be allocated in the two stages. The results showed that the model has a unique advantage, but the structure of the frontier and how to make the rational allocation of resources to enhance the efficiency of the system is not further explained. Chen et al. [11] proposed the advantages of multiplier model and envelope model in network DEA in efficiency measurement and frontier solution, respectively. The internal structure of the dairy supply chain is complex, and the purpose of measuring the efficiency of dairy supply chain is to make the supply chain manager clarify the supply chain ineffective link and then improve it in a targeted way. The traditional "black box" DEA method is not applicable to the dairy supply chain with complex internal structure. The development of network DEA provides a new idea for the measurement of the efficiency of dairy supply chain.
Overview of Three-stage Dairy Supply Chain
The supply chain refers to all activities related to product circulation and processing, as well as information flow, capital flow, business flow and goods flow. It forms the network structure with an overall function composed by the manufacturers, processors, distributors, retailers, end-users from the raw material to consumers. In the early days, the research of supply chain was limited to an internal link of the supply chain, which means that the raw materials and parts purchased by an enterprise were sent to end-users through the production, processing, distribution and other sectors of this enterprise. The early concept focused on the use of own resources within an enterprise, only involving the relationship among the various nodes of this enterprise. The subsequent research expands the relationship to that of different enterprises and pays more attention to the collaboration of enterprises.
Lee and Whang [12] argued that a three-stage supply chain was a supply chain including suppliers, manufacturers, and distributors. The three-stage dairy supply chain in this study refers to the dairy industry, the raw milk producers, dairy manufacturers and dairy distributors. Usually, as raw milk producers, dairy farmers or scale farms provide raw milk as raw materials for dairy manufacturers. Then, the dairy companies such as Yili, Mengniu produce dairy products using the raw milk and other inputs, and finally trade companies are responsible for sales as dairy distributors. The three-stage dairy supply chain is shown in Fig.  1 . 
Research Methods and Models
The methods of efficiency measurement mainly include data envelopment analysis (DEA), stochastic frontier function (SFA) and random distance function (SDF). As a kind of non-parametric analysis method, DEA is widely used in the practice of decision making units with multi input and multi output. The traditional DEA method didn't consider of the internal structure of the supply chain, for it simply regarded the whole supply as a decision-making unit. Considering the coordination of all links in the management of the supply chain, it is more appropriate to use the network DEA method which can deal with the complex structure inside DMUs. Therefore, the DEA efficiency model of a three-stage dairy supply chain composed of raw milk producers, dairy producers and dairy distributors is constructed. Usually, the upstream and downstream of the dairy manufacturer may correspond to a number of raw milk producers and dairy distributors, respectively. Considering that the raw milk producers (or dairy distributors) provide homogenization services, we merge them into a whole. The structure of the supply chain in Fig. 1 simplified as shown in Fig. 2 . The whole supply chain is made up of aforesaid three main bodies in series, as a decision-making unit. The DMU have three input elements and one output element. Each subsystem corresponds to the respective input, output variables.
The input and output variables of the three-stage supply chain are composed of the inputs and outputs of the three sub-systems and the variables in the process of their internal operation. The external input of the body l is denoted by xl, zl represents the external input of the main body l, where l =1, 2, 3, specifically, x1 represents the external input of the raw milk producer, x2 represents the external input of the dairy manufacturer, and x3 represents the external input of the dairy distributor. The intermediate product is marked as z1 and z2; z1 is the output factor of the raw milk producer and the input factor of the dairy manufacturer, z2 is the output factor of the dairy manufacturer and the input factor of the dairy distributor. Finally, y represents the output factor of the distributor.
We consider a three-stage process as shown in Fig. 2 . The whole system has n DMUs like that; j is the order of DMUs. Each DMU has its own inputs and outputs. For the raw milk producer, there are M external inputs 1 
are the optimal weights of the r-th final output y, the i-th external input x1, the d-th intermediate output (input) z1, the c-th intermediate output (input) z2, the p-th external input x2,and the q-th external input x3 calculated by the Eq. 1, respectively. According to the above Eq. 1, Eq. 2, Eq. 3 and Eq. 4, we get the following relationship between the total efficiency and the sub-efficiency of the supply chain: 
Index Selection and Data Collection and Processing

Index Selection and Description
Considering the economic and social benefits of the input and output indicators at all stages of the dairy supply chain, and the availability of indicators, after research and read the relevant literature, we design the input-output index system is shown in Table 1 . The total number of indexes is 6, and the number of DMUs measured is 29, which satisfies the requirement that the number of DMUs is not less than 4 times of the number of input and output indexes.
Population of cow x1: is an input indicator of the raw milk producer. Cows are essential elements of the original milk producers, all types of dairy products are made of different types of raw milk. In this process, easy to quantify and statistical indicators is the number of dairy herds. Raw milk production z1: intermediate product, both the output of the raw milk producers and the input of dairy manufacturers. The raw milk producer invests milk cow, fixed labor and other necessary resources to produce raw milk. Raw milk is pure milk without any additives, can be quantified as the raw milk production. Assets of dairy manufacturing enterprises x2: is an input indicator of the dairy manufacturers. It is an important capital to maintain the production capacity of dairy products, specifically including fixed assets, current assets and so on.
Dairy production z2: intermediate product, both the output of dairy manufacturers and the input of dairy distributors. Dairy manufacturing enterprises invest raw milk and other necessary resources to produce market-oriented dairy products. These products can be quantified as dairy production.
Number of sales employees x3: is an input indicator of the dairy distributors. Dairy sales need to invest a large number of sales staff, i.e., the human resources input of the distributors.
Product sales revenue y: is an output indicator of the dairy distributors, is the economic outcome of sales, play an important role in the embodiment of the economic benefits of the supply chain. By 2015, according to China's National Bureau of Statistics, China has 638 dairy enterprises. In this paper, 29 well-known medium scale or large-scale dairy enterprises in China were chosen as the samples according to their brand image, scale and data availability. Through research and access to relevant information, we sorted out the original data, as shown in Table  2 . Each enterprise is a DMU.
Data Collection and Processing
Efficiency Measurement and Frontier Derivation
Tab. 3 Result of the operation According to the established three-stage network DEA model Eq. 1, the original data is calculated, and the efficiency is arranged in descending order. The results are shown in Table  3 , and the weight coefficients of corresponding subjects are shown in standard brackets.
Unlike traditional DEA method, which keep the output unchanged and reduce the input to the original input of Ek times to make DMUs effective, the frontier of the network DEA should be calculated by the other method. According to Chen et al.'s proposal, the envelope model is suitable for the calculation of frontier projection. Therefore, there are the following envelope models:
The above λj, μj, ηj are the weights of the raw milk producer, dairy producer and dairy distributor in the j-th DMU, respectively. The results of Eq. 10 are shown in Table 4 , and the weights not listed in Table 4 are all zero.
According to the output-oriented envelope model, we get the frontier projection of the k-th DMU: 
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Where θ* and μ * j are the optimal total efficiency value and the optimal weight value when the DMU is solved. Thus, the frontier projections of 29 dairy enterprises in this paper are shown in Table 5 . After recalculating the efficiency, we find that the efficiency of all DMUs is 1.
Analysis and Suggestions
Analysis of results
From the efficiency measurement results in Table 3 , it can be seen that the network DEA efficiency measure is different from the traditional "black box" DEA efficiency measure. In the network DEA efficiency measure, the DMUs may not be all effective. In this case, the total efficiency of the supply chain 3 is one, and the efficiency of at least one subsystem of the remaining 28 ineffective supply chain is not one. While the traditional "black-box" DEA model, at least get two effective DMUs.
The results of the multiplier model in Table 3 have both the total efficiency of the supply chain and the sub-efficiency of the main body of the supply chain. The total efficiency reflects the efficiency level of a supply chain, such as the efficiency of the supply chain 3 is the highest, and the efficiency of the supply chain 29 is the lowest. The sub-efficiency reflects the inefficiency of the total efficiency caused by which subsystem. Such as supply chain 28 and supply chain 29 are inefficient due to the low efficiency of dairy distributors, in fact, their performance is very good in the production of raw milk and dairy product, the efficiency of these subsystems is 1.
Analysis of efficiency is to improve efficiency, if and only when all the sub-efficiency of the main bodies of the supply chain is equal to 1, the total efficiency can be 1. Using the traditional DEA method only changes the external input or the final output, can't improve the efficiency of intermediate links, and can't get the front projection. However, only using the sub-efficiency to change the input and output of each stage will ignore the relationship between the various links. After calculation, we find that we can't get the front projection too. Therefore, the calculation result of the envelope model must be used to determine the frontier.
Unlike traditional DEA, the network DEA envelope model provides the frontier projection of intermediate output. Each link constitutes a whole supply chain, need to coordinate with each other, and make changes together to make the total efficiency is 1. This means that even if the sub-efficiency of partial links is already 1 before improvement, they may still be changed for coordination with upstream and downstream.
Tab. 4 Results of the envelope model
Weights θ 1/θ η3 η16 η22 μ3 μ12 μ14 μ24 μ27 λ8 λ10 λ13 λ15 λ28 DMU 1 1.401 0.714 1.471 1.107 0.000 0.000 0.000 2.880 0.000 1.810 2.807 0.000 0.000 0.000 0.000 DMU 2 2.625 0.381 0.216 0.314 0.000 0.000 0.000 0.026 0.000 0.862 0.493 0.000 0.000 0.000 0.000 DMU 3 1.000 1.000 1.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.500 0.000 0.370 0.000 0.000 The specific improvement method is making the optimal linear combination of the benchmarks for each sector as the frontier of the supply chain. As we can see from the Table  4 , the supply chains with non-zero weights are benchmarks. From the table easy to get the benchmark of raw milk production sector is supply chain 8, 15, 28, etc.; the benchmark of dairy manufacturing sector is supply chain 14, 24, 27, etc.; and the benchmark of dairy sales sector is the supply chain 3, 16 and so on. These benchmarks are almost all effective sub-system, which is consistent with the results of the multiplier model. In addition, it also shows that the benchmark of each link may not be the same supply chain, which is one of the characteristics of network DEA. According to the goal that the dairy enterprises usually expect to expand the market and increase the income, we choose the output-oriented model, meaning that, increase the output as much as possible under the existing investment condition. Take supply chain 16 as an example, when external inputs x1, x2 and x3 do not increase, we need to increase the raw milk production z1 to 104,050 tons and increase the output of dairy production z2 to 101,350 tons, thus completing the sales target of 2.3587 billion yuan to achieve a 1.282-fold increase in final output.
Suggestions
Based on the above analysis, we make suggestions on the improvement of ineffective supply chain. By analyzing supply chain 8, 15, 28, the benchmark of raw milk production sector we obtained: raw milk production links, enterprises need to update the milk station equipment, clear division of raw milk quality grade, make different prices according to the grades, and establish a sound incitement mechanism. At the same time, the introduction of dairy cows need to control the quality, avoid the introduction of poor quality of dairy cows, and eliminate low-yield dairy cows to achieve high quality and stable structure of dairy cattle population.
Similarly, by analyzing the advantages of benchmarking supply chain 14, 24, 27, the following recommendations are made: first, enterprises need to pay special attention to seasonal factors. Due to seasonal factors, resulting in insufficient feed cow and milk production decreased, may cause the entire production line cannot operate at full capacity. Enterprises face this situation need to do a good job in advance plans, the original milk supply can be dispatched between different regions or use of related technologies to extend the preservation of the raw milk to ensure that in a special season to have sufficient supply of raw milk. The second point, the introduction of information technology. Enterprises entering the era of information technology, through the use of monitoring technology to ensure smooth flow of production and processing, the use of software measures to effectively improve the processing efficiency.
After analyzing the benchmarking supply chain 3, 16, 22, we think that enterprises can consider improving the efficiency of the distribution sector from the following aspects: first, the manufacturer and the distributor are integrated. Make distribution as a part of its own development, the manufacturing enterprise may increase the overall operational risk, but it is helpful for timely and effective feedback of the sales market information and coordination with the upstream enterprises of the supply chain. Second point, manufacturers and distributors based on information to carry out the joint market demand forecast. The distribution center feedbacks the reasonableness of the sales task according to its own sales situation. According to the feedback information, the manufacturer researches the relevant historical data and forecasts the market demand, which can establish a two-way feedback of information to maintain a healthy and sustainable development relationship. The third point, transportation optimization. Logistics transportation is an important part of the dairy distribution phase, need to have a reasonable planning routes and loading schedule to reduce the waiting time for loading the vehicle. Enterprises can use the theory of operations research to carry out planning for transport vehicles, so that the vehicle waiting time will be reduced to the shortest.
